T he word metabolism often conjures up thoughts of endless memorization in a biochemistry class. Metabolism was often perceived as a Bsettled^area of biochemistry with all the major pathways completely mapped out. However, with the development of more sophisticated mass spectrometers, it has become apparent that metabolism does not fit so neatly into the current pathway maps. The global profiling of endogenous metabolites that comprise the metabolome, i.e. metabolomics, has emerged as the newest of the 'omics' technologies. Complementary to genomics and proteomics, metabolomics provides information on the phenotypic outcome of the expression and regulation of both genes and proteins as well as how a biological system is perturbed by environmental factors.
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For individuals who wish to initiate metabolomic experiments, the large number of methods and available instrumentation can make even simple comparison studies seem complex. BMass Spectrometry-Based Metabolomics, A Practical Guide,^edited by Sastia Prama Putri and Eiichiro Fukusaki, provides an excellent resource for biologists, clinicians, and beginning analytical chemists who wish to enter into this field. The book provides detailed information on each step of the metabolomic workflow, including study design, sample extraction, and instrumentation available for metabolite profiling with the goal of helping those new to the field to navigate the complexities of designing and analyzing a metabolomic experiment.
Chapter one provides an overview of the current state of the field, summarizing the relationship of metabolomics to genomics and proteomics, and providing a short background on what type of information can be obtained from a metabolomic experiment. It also highlights the current challenges associated with using systems biology analysis strategies to identify new metabolic processes involved in particular biological phenomena.
Chapter two begins with the initial study design, an absolutely critical component of any profiling experiment. Running any sample through a mass spectrometer will give you data; whether that data will be useful is another question entirely. The chapter emphasizes the importance of generating a hypothesis, a critical part of the scientific method that is often lost with projects that generate big data. This chapter also gives a short background on the analytical instrumentation available to profile metabolites, and provides a list of some freely available software tools for data processing.
Chapter three focuses on methods for metabolite extraction. Protocols are provided for model organisms, including bacteria, drosophila, and clinical specimens. In addition, extraction methods are also detailed for plants and food. Comprehensive instructions are included for solvents to be used to quench metabolism, protocols for rupturing the cell membrane or cell wall, and how to introduce internal standards into your samples. For each of the protocols, advice is given for addressing steps that might be problematic, as well as potential modifications. This chapter also contains references to other protocols that are currently used to extract metabolites. The instructions are particularly useful for those not familiar with processing samples for mass spectrometry.
The overview of instrumentation given in chapter two is expanded in chapters four and five. Chapter four focuses on untargeted profiling of metabolites using gas chromatographymass spectrometry (GC-MS), whereas chapter five details targeted profiling of metabolites with selected (or multiple) reaction monitoring (SRM) by using liquid chromatography (LC) coupled to a triple quadrupole mass spectrometer. Both of these chapters are likely to be extremely useful for biologists as they include instructions for tuning, images of instrument software to facilitate the setup of an experimental run, maintenance information, and troubleshooting tips. Biologists or clinicians will find that GC-MS, or targeted SRM and MRM with LC-MS, are the most straightforward methods to profile metabolites for several reasons. Metabolite identification can be extremely challenging for beginners. In an untargeted LC-MS protocol, a positive identification requires collecting accurate mass and fragmentation data, matching these to metabolite database entries, and confirming the Bhit^with authentic standards. The steps are at best semi-automated and performing this task for the thousands or tens of thousands of peaks detected in a typical run is time-consuming. In contrast, GC-MS databases are well-developed and the fragmentation data is reproducible across many different instrument platforms. For individuals who wish to use LC-MS, targeted SRM and MRM methods can be fully automated and allow the profiling of hundreds of known metabolites in biological samples. The reduced complexity of datasets generated by SRM methods facilitates analysis but can miss unexpected perturbations in metabolism that might be biologically meaningful. These chapters also expand on the advantages and disadvantages of targeted versus untargeted profiling of metabolites.
The statistical processing of data is of particular importance if any biological relevance is to be extracted from a dataset, and chapter six focuses on bioinformatics methods for processing the data obtained from a metabolomic experiment. A short introduction to univariate and multivariate statistics is given, as well as typical statistical methods (PCA, t-test, and false discovery rate) used to identify metabolites that are perturbed by an experimental intervention. Although not exhaustive, this information provides a solid beginning for the novice researcher interested in metabolite analysis.
Step by step instructions are given for performing these tests in Excel. Given that much of the statistical analysis process
Correspondence to: Leah Shriver; e-mail: lshriver@uakron.edu has been automated by web-based or instrument software, it is useful to be reminded that the statistical analysis is only as good as the assumptions behind it. It is helpful that the authors walk through a number of statistical tests, showing the output in the context of measuring metabolites.
The book ends with case studies that cover several metabolomics experiments, focusing on the interpretation of results from these types of experiments. These are particularly informative as they illustrate how to plan, initiate, and analyze a metabolomic experiment. The first case study illustrates experiments that use metabolomics to predict phenotype and involves profiling of metabolites associated with lifespan extension in yeast by using GC-MS and capillary electrophoresis (CE)-MS. The second case study demonstrates how metabolite profiling can be used to authenticate coffee by GC-MS. The data analysis methods used in this study could easily be applied by those wishing to identify contaminants in food or other related research. The final case study describes a targeted approach to examine metabolic pathways altered in the spinal cord after a crush injury. Biomedical researchers and engineers will find this case study especially useful because of its illustration of how one might link metabolite profiles to clinical scoring. The experiments detailed in this chapter, and emphasized throughout the book, stress the use of untargeted profiling primarily using GC-MS. However, LC-MS is rapidly becoming the analytical method of choice for these types of experiments. Other topics of increasing interest that were beyond the scope of the book are metabolic flux experiments employing stable isotope labeling, experiments that integrate genomic and proteomic data with metabolomics, and metabolite imaging. Overall, however, because of its broad overview and detailed instructions on specific experimental and instrument set-up, statistical analysis, and data interpretation, the book provides an excellent primer to researchers entering into the field of metabolomics.
